Surprisingly little is known about Venus, our neighboring sister planet in the solar system, due to the challenges of operating in its extremely hot, corrosive, and dense envirorunent. For example, after over two dozen missions to the planet, the longest-lived lander was the Soviet Venera 13, and it only survived two hours on the surface. Several conceptual Venus mission studies have been formulated in the past two decades proposing lander architectures that potentially extend lander lifetime. Most recently, the Venus Science and Technology Definition Team (STDT) was commissioned by NASA to study a Venus Flagship Mission potentially launching in the 2020-2025 time-frame; the reference lander of this study is designed to survive for only a few hours more than Venera 13 launched back in 1981! Since Cytherean mission planners lack a viable approach to a long-lived surface architecture, specific scieutific objectives outlined in the National Science Foundation Decadel Survey and Venus Exploration Advisory Group final report cannot be completed. These include: mapping the mineralogy and composition of the surface on a planetary scalej determining the age of various rock samples on Venus, searching for evidence of changes in interior dynamics (seismometry) and its impact on climatej and many other key observations that benefit with time scales of at least a full Venus day (Le. daylight/night cycle). This report reviews those studies and recommends a hybrid lander architecture that can survive for at least one Venus day (243 Earth days) by incorporating selective Stirling multi-stage active cooling and hybrid thermoacoustic power. i 80
The Outstanding Mysteries of Venus -Why did Venus evolve so differently from Earth? -Was there ever an ocean on Venus , and if so, when did it exist and how did it disappear? -Did conditions for life or life in some form ever exist on Venus? -Did Venus lose an early atmosphere to catastrophic loss? -Did Venus ever have plate tectonics? -What caused the extensive resurfacing of Venus during the last Gy? -Are the resurfacing and climate change somehow related? 
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.,. • Current Stirling hot-end material (MarM-247) is being developed in the ASC/ASRG project to operate for 17 years at 850°C
H irth
• For Venus missions of less than 1 year, MarM-247 needs to be evaluated for potential use at temperatures up to 1000 °C.
• The use-temperature may be able to be raised to as high as 1100 °C Although not fully mature at the present time , these advanced materials have the capability of operating at temperatures as high as 1200 °C. 
Remaining Technical Challenges
To combine a Stirling heat engine and refrigerator into a long-lived duplex machine with at least two cooling stages.
To achieve a high thermodynamic efficiency that will keep the GPHS module requirements manageable.
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